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TECHNICAL MEMORANDUM X-604

WIND-TUNNEL INVESTIGATION
OF THE STATIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF
MODELS OF REENTRY AND ATMOSPHERIC-ABORT CONFIGURATIONS OF
A PROPOSED APOLLO SPACECRAFT AT MACH NUMBERS
FROM 0.30 TO 1.20°

By Albin 0. Pearson
SUMMARY

An investigation has been conducted in the Langley 8-foot transonic
pressure tunnel to determine the static longitudinal aerodynamic charac-
teristics of models of reentry and atmospheric-abort configurations of
a proposed Apollo spacecraft. Two atmospheric~abort configurations with
tower support rods of different length were tested. The tests were con-
ducted at angles of attack from about -2° to 182° for the reentry con-
figuration and from approximately -2° to 50° for the atmospheric-abort
configurations. The test Reynolds number, based on maximum body diameter

and free-stream conditions, varied from about 1.6k X lO6 to 3.83 x 10°.

The results of this investigation have shown that the reentry con-
figuration is stable at angles of attack to about 500 and also at angles
of attack greater than approximately 130°. Depending upon Mach number,
this configuration trims in the stable regions at angles of attack from
about 20° to 320 and from 1u5° to 1550. The atmospheric-abort configura-
tion, with either the long or the short tower, was statically stable at
angles of attack near 0° at Mach numbers greater than about 0.60.

INTRODUCTION

A wind-tunnel research program has been initiated by the National
Aeronautics and Space Administration to investigate the static longi-
tudinal aerodynamic characteristics of models of reentry and
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atmospheric-gbort configurations of a proposed Apollo spacecraft. The
results of one of these investigations at supersonic speeds are given in
reference 1.

The present investigation was performed in the Langley 8-foot tran-
sonic pressure tunnel and provides information at subsonic and transonic
speeds on 0.07-scale models of reentry and atmospheric-abort configura-
tions. Two atmospheric-abort configurations with tower support rods of
different length were tested. The tests were conducted at angles of
attack from about -2° to 182° for the reentry configuration and from
approximately -2° to 50° for the atmospheric-abort configurations. The
test Reynolds number, based on maximum body diameter and free-stream

conditions, varied from about 1.64 x 109 to 3.83 x 10°.
SYMBOLS

The data presented herein are referred to the body system of axes
with the origin located at the center of gravity of the various configu-
rations tested. The positive direction of forces, moments, and displace-

ments are shown in figure 1. The coefficients and symbols are defined
as follows:

A maximum cross-sectional area, 0.6504 sq ft
Ca axial-force coefficient, éﬁiE%K£9£EE

CA,C axial-force coefficient at Cp = 0 (0° < a < 50°)

Pitching moment

Cn pitching-moment coefficient, A

Cmg, slope of pitching-moment curve at Cp =~ 0 (0° < a < 50°),
dCp [, per deg

Normal force

Cy normal-force coefficient, %
q.
CNg, slope of normal-force curve at Cp =~ 0 (0° < a < 50°),
3Cy[da, per deg
Cp,c model chamber-pressure coefficient,
Model chamber pressure - Free~stream static pressure

q

N+ OE
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D diameter, in.
d maximum body diameter, 10.920 in.
M free-stream Mach number
q free-stream dynamic pressure, lb/sq ft
r radius, in.
a angle of attack of model center line, deg

MODELS, TESTS, AND ACCURACY

Details of the 0.07-scale models and components tested are shown in
figure 2 and photographs are presented in figure 3. Two models, both of
which were conical bodies of revolution, were used in the tests of the

A
Lt:t:ubly &,ou..Lsu.La.uJ.uu A model made of wood was used for °“"1°° of

attack up to about 90o whereas an aluminum-alloy model was used at angles
of attack greater than 90°. The two abort systems tested were attached
to the conical end of the aluminum-alloy reentry configuration and were
composed of a cylindrical aluminum-alloy body, simulating a rocket con-
tainer, mounted on a tower made from three cross-braced steel rods. The
three rods were located 120° apart and were oriented so that the two
lower rods were in a horizontal plane when the model was near an angle
of attack of 0°.

The models were mounted on a three-component internally located
strain-gage balance which was sting-supported. Several model—sting-
support arrangements were used in order to obtain a large angle-of-
attack range and also to maintain the models near the tunnel center
line throughout this range. (See fig. 3.)

The tests were conducted in the Langley 8-foot transonic pressure
tunnel at a stagnation pressure near 1.0 atmosphere and at such a dew-
point temperature that the airflow was free of condensation shocks. The
variation of Reynolds number, based on model maximum diameter and free-
stream conditions, with Mach number is shown in figure 4. The models
were tested at Mach numbers from 0.30 to 1.20 at angles of attack from
about -2° to 182° for the reentry configuration and from approximately -2°
to 50° for the abort configurations.

Normal force, axial force, and pitching moment were determined by
means of the strain-gage balance with the pitching moments referred to
the center-of-gravity locations shown in figure 2. The axial-force
results presented herein are gross values and have not been adjusted to

— .1.
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a condition of free-stream static pressure at the model base. The model
chamber pressure was measured by means of an orifice located inside the
model in the strain-gage balance chamber.

Based upon balance accuracy (neglecting any sting-interference
effects), it is estimated that the coefficients of normal force, axial
force, and pitching moment are accurate within *0.046, *0.046, and +0.0085,
respectively, at a Mach number of 0.30 and are accurate within +0.007,
*+0.007, and +0.0012, respectively, at a Mach number of 1.20. All data
presented from this investigation are essentially free of wall-reflected
disturbances. The maximum variation of the actual test Mach numbers
from the presented nominal values is less than *0.005. Corrections were
applied for tunnel flow angularity and for structural deflections of the
model sting and balance. The accuracy of the angle of attack is esti-
mated to be within +0.20°.

PRESENTATION OF RESULTS AND DISCUSSION

It is shown in reference 2, for models and sting-support systems
similar to those of the present investigation, that some interference
effects due to sting-support arrangements are indicated at the higher
angles of attack. These effects, for the model of reference 1, are
negligible on the pitching-moment and axial-force characteristics, and
for the normal-force coefficients are a maximum of about 4 percent of
the presented faired values. Although the models of the present investi-
gation are not identical to those of reference 1, the interference effects
are expected to be essentially the same in magnitude.

The pitching-moment, normal-force, axial-force, and chamber-pressure
coefficients of the various configurations investigated are presented in

figures 5 and 6 and summaries of the aerodynamic characteristics are
shown in figure 7.

The reentry configuration is statically stable at angles of attack
to about 50° and also at angles of attack greater than approximately 130°
(fig. 5(a)). Depending upon Mach number, this configuration trims in the
stable regions at angles of attack from about 20° to 32° and from 145°
to 155°. A trim condition also exists in the unstable region at angles
of attack greater than about T77°.

The atmospheric-abort configuration with either the long or the
short tower (fig. 7(b)) is statically stable near an angle of attack
of 0° at Mach numbers greater than about 0.60 but is statically unstable
for all Mach numbers at the higher angles of attack (fig. 6(a)). The
axial-force coefficients at all angles of attack were essentially the
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same for both the long and short tower models, but the slope of the
normal-force curve was less for the short tower model.

CONCLUDING REMARKS

The results of wind-tunnel tests of reentry and atmospheric-abort
configurations of a proposed Apollo spacecraft, conducted in the Langley
8-foot transonic pressure tunnel at Mach numbers from 0.30 to 1.20, have
shown that the reentry configuration is statically stable at angles of
attack to about 50° and also at angles of attack greater than approxi-
mately 130°. Depending upon Mach number, this configuration trims in
the stable regions at angles of attack from about 20° to 520 and from
lk5° to 155°. The atmospheric-abort configuration, with either the long
or short tower, is statically stable at angles of attack near 0° at Mach
numbers greater than about 0.60.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Air Force Base, Va., August 4, 1961.
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Figure 2.- Details of model configurations. All dimensions are in
inches unless otherwise noted.




8 ’ CONFIDENTTAL

am—-2%t0 20°
1-61-4882

a~30%to0 50° °

1-61-4881

ax60° to 80°
(a) Reentry configuration. 1-61-4883

Figure 3.- Model configurations and sting-support arrangements.
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(a) Reentry configuration. Concluded.

Figure 3.- Continued.
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(b) Atmospheric-abort configuration. (Long tower shown.)

Figure 3.- Concluded.
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Figure 7.- Summary of static longitudinal aerodynamic characteristics of

models.
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Figure T7.- Concluded.
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